In the H.264/AVC coding standard, the high computation cost of the full searching in the reference software 
Introduction
Recently, the new video coding standard H.264/AVC [1-2] is proposed by the Joint Video Team (JVT) [1] to develop a new low bit-rate video compression technology. In the JVT reference software [3] , seven modes (the various kinds of block sizes) are applied to perform the motion compensation process such that the R-D cost defined in (1) 
where D denotes the motion compensated error of a macroblock, λ Mode is the Lagrange multiplier, and R represents the bit-rate. Recently, many researches [4] [5] [6] [7] addressed on the fast mode decision methods are proposed. In [4] , the SAD (sum of absolute difference) between the current frame and previous frame for each macroblock is applied to evaluate what motion estimation modes are appropriate for the motion estimation process. In [5] , the edge detection is applied to classify the homogeneous and non-homogeneous regions such that the motion estimation modes may be determined quickly. In [7] , Zhu et al. applied the low-resolution image and edge detection to determine the motion estimation modes (8×4, 4×8 and 4×4). However, the efficiency of the motion compensation process will be reduced by the extra image processes for determining the appropriate motion estimation modes. In [6] , the total energy of AC coefficients is used to evaluate the intrinsic complexity for each macroblock and then the motion estimation modes may be determined. However, summation process also reduces the computation efficiency. In this paper, the spatial-temporal correlations among the reference frames and neighboring macroblocks are analyzed to develop a fast mode decision method in which no extra image processes are used. Furthermore, the concept of drift compensation [8] is adopted to avoid the error accumulation during the mode decision process.
H.264/AVC and JM-9.3 reference software
In this paper, only the baseline profile (I-and Pslices) is considered to develop the fast mode decision method. The inter-coded macroblocks in the P-slices are encoded by the motion compensated process and a number of reference frames (previous coded pictures). Then the residual data are transformed and quantized with the 4 4 integer transformation [2] . The transform coefficients are coded by using the context-adaptive variable length coding scheme (CAVLC) [2] . In H.264/AVC, there are totally seven block sizes are used for the motion estimation process. Hence, the motion vectors will be estimated for each partition of macroblock and sub-macroblock. However, the full searching process (16×16, 16×8,…,4×4) adopted in the JM-9.3 makes the encoding process inefficient. In this paper, the fast mode decision method is developed on the H.264/AVC reference software .
The fast mode decision method
In this section, firstly, we will analysis the spatial-temporal mode correlations among the spatial and temporal macroblocks. Based on the spatial-temporal mode correlation, the fast mode decision method is developed.
The spatial-temporal mode correlation
By the careful observation of the mode decision process in the JM-9.3, the motion estimation modes of a macroblock is highly correlated with the modes of the macroblocks neighboring to the same position on the previous reference frames (multiple reference frames). Based on the JM reference software, the mode correlation is analyzed and listed in Table 1 . Here, the macroblock partitions: 16×16, 16×8, 8×16, 8×8, and skip mode are used to analyze the mode correlation. In Tables 1, we illustrate the probabilities that the estimation mode of a macroblock belongs to the top two estimation modes among the neighboring macroblocks centered at the same position on the previous frame. It shows that the motion estimation mode of a macroblock is highly correlated with the motion estimation modes of the macroblocks neighboring to the same position on the previous reference frame. According to the mode correlation analysis, we may construct the mode histogram to develop a new fast mode decision method.
The fast mode decision method using spatial-temporal mode correlation
For each GOP, the mode decision for the first P-frame is determined by using the full search method and the determined modes for each macroblock are used to predict the modes for the following P-frames. The algorithm of the fast mode decision method is described as follows.
Step 1. Tracking of macroblock. To find the accurate mode histogram for each macroblock, each macroblock on current frame should be tracked. By tracking each macroblock on previous frame with the weighted motion vectors, we may find the corresponding macroblock on the current frame. Fig. 1 illustrates the tracking process.
where MV is the predicted motion vector, x and y denote the block coordinates of previous frame, m(i, j) is calculated from the macroblock partitions with nonzero motion vectors in block (i, j) on previous frame ( number 1~9 in Fig. 1 ), and w ij denotes the weight.
Step 2. Calculation of the mode histogram. Once each macroblock on current frame is tracked, the position of the tracked macroblock on previous frame shown in Fig. 1 may be found. Then, the mode histogram for each tracked macroblock may be obtained by calculating the number of each mode among the neighboring macroblocks centered at the position of the tracked macroblock on previous frame. However, to reduce the computation cost, eight modes including skip mode are classified into five categories (listed in Table 2 ) according to their block size. Instead of calculating the mode histogram, the category histogram is calculated and sorted. Based on the sorted category histogram we select the block modes in the top two categories as the candidate modes for the mode decision process.
Step 3. Drift compensation. In order to prevent the drift phenomenon in the mode decision and motion estimation processes, the candidate categories need to be refined when the R-D cost for a macroblock B ij is larger than a predefined threshold T ij . Firstly, we record the R-D cost C ij of each macroblock B ij in first P-frame obtained from the JM mode decision process (full searching). Then, the threshold value for each macroblock T ij is set as αC ij and the R-D cost of each macroblock for the successive P-frames will be compared to T ij . If the R-D cost of macroblock B ij is greater than T ij , the mode decision process will be refined as the following rules: 1. Replace the mode category composed of the larger blocks with the next mode category composed of smaller blocks as the new candidate mode category. But, the new chosen mode category should not be the same as the one that is already in the candidate mode categories. 2. If the candidate mode categories can't be updated with the one with smaller blocks, then the candidate mode categories stop updating.
Step 4. Mode recording. Once the motion estimation modes within each macroblock are determined, the partition scheme and corresponding motion vectors are recorded. The block diagram of fast mode decision method using the spatial-temporal correlation is illustrated in Fig. 2. 
Experimental results
The simulation configures are listed in Table 3 . Here the QP parameters in H.264/AVC are fixed as 28, 32, 36, and 40 respectively for the efficiency and rate-distortion analyses. The computation efficiency is analyzed with Eq. (3) and the transmission rate is analyzed with Eq. (4). The efficiency analysis is performed by computing the saving time for the proposed method to the JM full searching method and illustrated in Table 4 . It is obviously that our proposed method may reduce the computation time about 63.01% for the nine video sequences. The PSNR analysis is illustrated in Table 5 . The average PSNR of the fast mode decision method is decreased about 0.04dB. The bit-rate of proposed method is only increased about 2.98%.
The rate-distortion is analyzed by applying the RD control scheme in the JM-9.3 reference software. The rate-distortion analyses are performed with the following two configure settings: (1) All the motion estimation modes in the JM-9.3 are used, (2) only the motion estimation modes: 16 16, 16 8, and 8 16 are used. From Fig. 3 , the simulation results show that the PSNR value is closed to the optimal value obtained from the JM-9.3 reference software. From Fig. 4 , our proposed fast mode decision method may improve the computation cost greatly. Finally, Tables 6 and 7 show the comparisons for the proposed method to the methods with extra image processing (Wu's method [5] and Jing's method [4] ). In addition, Table 8 illustrates the comparisons for the proposed method to the method without extra image processing (Yu's method [6] ). It is obvious that our method may improve the efficiency about 20%~ 30%. Furthermore, the PSNR performance outperforms the other methods.
Conclusion
In this paper, the spatial-temporal correlations between the current frame and the reference frame are considered to develop a fast mode decision method in which no extra image processes are used. Furthermore, the concept of drift compensation is adopted to avoid the error accumulation phenomenon during the mode decision process. The experimental results show that the computation cost may be reduced about 60% and average PSNR is only dropped about 0.04db. 
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